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ABSTRACT 

The zero s i g n a l  ou tput  of pressure 
t r a n s d u c e r s  may alter dur ing  f i e l d  use 
i n  t h e  presence of thermal g r a d i e n t s .  
The changes can be l a r g e  enough t o  cause 
s e r i o u s  ques t ion ing  of t h e  v a l i d i t y  of 
t e s t  data taken without  c o r r e c t i o n s  f o r  
t h e  zero s h i f t .  

V a r i a t i o n s  of up t o  100% FS ( f u l l  
s c a l e )  have been found us ing  t ransducers  
t h a t  i n d i c a t e d  less than  a 6% s h i f t  i n  
t h e  s tandard  s t e a d y  s ta te  temperature  
tests. 

A simple method of dynamic t e s t i n g  
is descr ibed  and experimental  r e s u l t s  
are given for a number of tests. 

INTRODUCTION 

A t  t h e  present  t i m e ,  p ressure  
t ransducers  are o f t e n  considered t o  
o p e r a t e  c o r r e c t l y  wi th in  t h e i r  given 
temperature  span i f  t h e i r  z e r o  s h i f t  
and s e n s i t i v i t y  remain w i t h i n  s p e c i f i e d  
l i m i t s  dur ing  c e r t a i n  temperature tests.  
The environment of t h e  t e s t ,  a con- 
t r o l l e d  temperature zone i n  a furnace ,  
is intended t o  g ive  assurances t h a t  
w i t h i n  t h e  l i m i t s  of t h e  temperature 
checked, t h e  t ransducer  w i l l  cont inue 
t o  f u r n i s h  v a l i d  data.' 

Changes i n  t h e  ambient temperature 
can a f f e c t  t h e  output  of a pressure  
gage by causing t h e  z e r o  value t o  s h i f t ,  
by a l t e r i n g  t h e  s e n s i t i v i t y  or by 
changing t h e  damping and t h u s  t h e  dy- 
namic response .a 

A temperature-compensating elec- 
t r i c a l  network is o f t e n  added i n  order  
t o  cancel  t h e  temperature e f f e c t s  known 
t o  occur i n  t h e  a c t i v e  elements.  In 
t h e  case of s t r a i n  gage t ransducers ,  
t h i s  t a k e s  t h e  form of smal l  r e s i s t o r s  

added t o  one arm of a br idge.  Dummy 
gages are another  m e a n s  of compensation 
t h a t  may be ins ta l led .*  Although com- 
p l e t e  compensation s e e m s  impossible ,  t h e  
t y p i c a l  temperature-compensated pressure-  
t ransducer  z e r o  s h i f t  f a l l s  between 0.01% 
and 0.02% FS/'F ( f u l l  scale per degree 
Fahrenhei t )  .5 For uniform-temperature 
c o n d i t i o n s ,  condi t ions  s i m i l a r  t o  t h o s e  
found i n  a c o n t r o l l e d  f u r n a c e ,  t h e  test 
r e s u l t s  are v a l i d .  I f  t h e  c o n d i t i o n s  of 
a tes t  are such t h a t  one s u r f a c e  of t h e  
gage w i l l  be exposed t o  a hot  medium and 
t h e  o t h e r  end of t h e  gage is i n  a cooler 
environment, t h e  compensation may i t s e l f  
be t h e  cause of a zero s h i f t  l a r g e  enough 
t o  i n v a l i d a t e  any tests be ing  performed, 
s i n c e  t h e  temperature-compensating ne t -  
work might not  be a t  t h e  same temperature  
as t h e  a c t i v e  elements of t h e  device. 

In order  to determine t h e  e f f e c t  of 
thermal g r a d i e n t s  on pressure  t r a n s -  
d u c e r s ,  a test device capable  of e s t a b -  
l i s h i n g  thermal g r a d i e n t s  i n  t h e  t r a n s -  
ducers  w a s  b u i l t .  N o  at tempt  w a s  made t o  
match t h e  hea t  f l u x  ra tes  of up t o  2000 
cal/cm2.s6 t h a t  w e r e  known t o  e x i s t  i n  
t h e  var ious  i n d u s t r i a l  f i e l d s  i n  which 
pressure  gages can be used.* 

I f  it is assumed t h a t  t h e  m o s t  
important e f f e c t s  of changing temperature  
are d i r e c t  f u n c t i o n s  of t h e  temperature  
and of its g r a d i e n t ,  t h e  method of estab- 
l i s h i n g  t h e  g r a d i e n t  or t h e  t i m e  scale 
dur ing  which it is achieved can be ig-  
nored f o r  t h e  p r e s e n t .  Some evidence of 
t h e  c o r r e c t n e s s  of t h i s  assumption w i l l  
be shown. 

GRADIENT HEATER DESIGN 

An electr ic  s o l d e r i n g  i r o n  w a s  
a l t e r e d  t o  s e r v e  as t h e  h e a t  source  f o r  
*The calorie as used i n  t h i s  paper is 
measured a t  20°C. 

2 - ,. Superior  numbers r e f e r  t o  similarly-numbered r e f e r e n c e s  a t  t h e  end of t h i s  pager .  



t e s t i n g  t h e  pressure t ransducers .  With 
t h e  add i t ion  of an i n s u l a t i n g  s h i e l d  and 
means of measuring and c o n t r o l l i n g  t h e  
heat  o u t p u t ,  it was found t o  be capable  
of t r a n s f e r r i n g  from 0. a cal/cm2 s a t  
225'F t o  7 .6  cal/cm2.s a t  900°F. 

The hea t  is t r a n s f e r r e d  by thermal 
c o n t a c t  and it is poss ib l e  t o  a l ter  t h e  
hea t  f l u x  by a l t e r i n g  t h e  reg ion  of 
con tac t  between t h e  hea te r  and t h e  t r a n s -  
ducer .  The photograph (F igure  1, A and 
B) shows t h e  hea ter  system t h a t  w a s  
b u i l t .  

The p res su re  t ransducer  can be seen 
a t  (A). I t  is held by an i n s u l a t e d  
clamp (B) so t h a t  its s u r f a c e  is j u s t  
immersed i n  the  l i q u i d  Woods-metal pool  
(C) which is used a s  a hea t - t r ans fe r  
medium. The hea ter  (D) vol tage  is con- 
t r o l l e d  by an autotransformer and 
thermocouples (E) a r e  used t o  measure 
t h e  temperature of t h e  h e a t e r ,  and of 
t h e  f r o n t  and back s u r f a c e s  of t h e  gage. 
A recorder  is used t o  keep mul t ip l e  
cont inuous records  of t h e  temperatures  
dur ing  t h e  test .  An air  hose is used 
t o  d i r e c t  t h e  a i r  f o r  cool ing  t h e  back 
of t h e  gage, when d e s i r e d .  

The e l e c t r i c a l  ou tput  of t h e  t r a n s -  
ducer  is displayed on an osc i l l o scope  
and t h e  r e s u l t s  a r e  photographed f o r  a 
permanent record .  

TEST PROGRAM AND RESULTS 

Pres su re  t ransducers  f a l l  i n t o  two 
classes, pass ive  and a c t i v e .  The pas- 
s i v e  systems do not  genera te  s i g n a l s  or 
power, bu t  r e q u i r e  an a u x i l i a r y  sou rce ;  
they  w i l l  g ive meaningful va lues  f o r  
cons t an t  pressures .  The a c t i v e  u n i t s  
genera te  t h e i r  own o u t p u t ,  bu t  t h e  s i g -  
n a l s  tend t o  be func t ions  of t i m e ,  and, 
i n  gene ra l ,  cannot be used f o r  p r e c i s e  
measurements of s teady  -s t a t  e p res su res  . 
Because of t h i s ,  t h e  a c t i v e  systems 
would r e q u i r e  a s l i g h t l y  d i f f e r e n t  tech-  
nique than  the  one w e  have used f o r  t h e  
pas s ive  type  pressure  t r ansduce r s .  

The designed tes t  is based on a 
temperature  grad ien t  being developed 
wi th in  t h e  pressure t ransducer  t h a t  is 
s imilar  t o  the  g rad ien t  one would expect  
under f i e l d  condi t ions .  In  add i t ion  t h e  
tes t  al lows t h e  measurement of t h e  t i m e  

temperature  cons t an t  of t h e  t r ansduce r  
( i . e . ,  t h e  l e n g t h  of t i m e  i n  which a 
p a r t i c u l a r  des ign  w i l l  absorb hea t  to 
e s t a b l i s h  a grad ien t  be fo re  i t  starts t o  
l o s e  hea t  through its e x t e r n a l  connec- 
t i o n s ) .  With t h i s  in format ion ,  one can 
estimate t h e  t i m e  t h a t  would be r e q u i r e d  
t o  e s t a b l i s h  c e r t a i n  g r a d i e n t s  f o r  in- 
creased hea t  f l u x  rates.  

I f  t h e  performance of a t r ansduce r  
is u n s a t i s f a c t o r y  under t h e  test be ing  
g iven ,  one can assume t h a t  it w i l l  no t  be 
s a t i s f a c t o r y  i n  t h e  f i e l d ,  where condi-  
t i o n s  are m o r e  s e v e r e .  

I n  a t y p i c a l  tes t  series one alters 
t h e  temperature  of t h e  hea t  source  i n  
s t e p s ,  running one test  a t  each s t e p  
u n t i l  t h e  s p e c i f i e d  l i m i t i n g  ope ra t ing  
tempera tures  of t h e  t ransducer  are 
reached.  The g rad ien t  of each run  is 
noted ,  a s  w e l l  as t h e  z e r o  s h i f t  wi th  
t i m e .  The g rad ien t s  can be increased  by 
coo l ing  t h e  back of t h e  t ransducer  whi le  
hea t ing  t h e  f r o n t  s u r f a c e ,  and another  
series can be taken .  

The tests t o  d a t e  have been made a t  
a maximum f r o n t  su r f ace  temperature  of 
600°F and approximately 3 cal/cm2.s 
ou tpu t .  The cond i t ions  f o r  t h e  tests 
repor t ed  i n  t h i s  paper a r e  given i n  
Table 1. 

One of t h e  most immediate f ind ings  
of t h e  program w a s  t h e  f a c t  t h a t  t h e  
response of a t ransducer  t o  a g rad ien t  
could not  be determined from i ts  behavior 
a t  t h e  temperatures  l i s t e d  wi th  i ts  
s p e c i f i c a t i o n s .  For example, F igure  2 
shows t h e  r e s u l t s  of a s t anda rd  series 
of temperature  tests t o  determine t h e  
ze ro  s h i f t  i n  t h e  c a l i b r a t i o n  of one 
p a r t i c u l a r  temper at  u re  -compensated p r e s  - 
s u r e  t ransducer .  This  instrument  w a s  
l i s t e d  a s  having an al lowable ze ro  s h i f t  
of 0.02% FS/"F from -45 t o  +600"F; it 
does remain wi th in  t h e  ind ica t ed  l i m i t  
f o r  uniform s t eady- s t a t e  temperatures .  
F igure  3 i n d i c a t e s  t h e  ze ro  s h i f t  of t h e  
same t ransducer  as a func t ion  of t i m e  and 
tempera ture ,  when sub jec t ed  t o  thermal  
g r a d i e n t s .  

The s e c t i o n  wi th in  t h e  lower arrow 
bracket  r e p r e s e n t s  t h e  t o t a l  ze ro  s h i f t  
f o r  600°F based on uniform s t eady- s t a t e  
temperature  c h a r a c t e r i s t i c s .  The tests 
ind ica t ed  ze ro  s h i f t s  of over 40% as a 
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r e s u l t  of thermal  g rad ien t s .  

4 is t h e  r e s u l t  of i nc reas ing  t h e  i n i -  
t i a l  temperature  and t h e  f l u x  r a t e  of 
t h e  h e a t e r .  The t r ansduce r s  w e r e  al- 
lowed t o  approach t h e  temperature  of t h e  
heater as r a p i d l y  as t h e i r  design would 
permit .  Curves 1, 3, and 5, however, 
d i f f e r  i n  t h e  f a c t  t h a t  Cooling a i r  w a s  
blown ac ross  t h e  back surface of t h e  
gage,  t h u s  caus ing  a 1are;er g rad ien t  t o  
be e s t a b l i s h e d .  

A comparison between air-cooled and 
normal gage i n s t a l l a t i o n  at  one i n p u t ,  
Curves 1 and 2 ,  and those a t  a higher  
i npu t  rate and temperature, Curves 4 and 
5, ind ica t ed  tha t :  (a )  t h e  zero  s h i f t  
f o r  a g rad ien t  is f a r  more than t h a t  
i nd ica t ed  by t h e  uniform s t eady- s t a t e  
temperature  t e s t s ;  (b) cool ing  t h e  back 
i n c r e a s e s  t h e  eventua l  ze ro  s h i f t ,  a l -  
though f o r  t h e  same inpu t  it r e q u i r e s  a 
longer  t i m e  f o r  t h e  m a x i m u m  to  be 
reached 

The d i f f e r e n c e  between Curves 2 and 

The Fate of zero s h i f t  is related 
t o  t h e  hea t  f l u x  inpu t  and t h e  amount 
of ze ro  s h i f t  is related t o  t h e  g rad ien t  
e s t a b l i s h e d .  

A s tudy  of  t h e  r e s u l t s  of a number 
of tests wi th  d i f f e r e n t  t r ansduce r s  i n -  
d i c a t e d  t h a t  t h e  t i m e  t o  produce t h e  
maximum grad ien t  f o r  a normally i n -  
s t a l l e d  p re s su re  t ransducer  w a s  a con- 
s t a n t  of t h e  des ign  and material and w a s  
no t  a l t e r e d  by t h e  heat f l u x  r a t e  f o r  
t h e  temperature  range s t u d i e d  and the  
m a t e r i a l s  encountered. 

F igure  4 is an enlargement of  the 
i n i t i a l  response of the p a r t i c u l a r  
smooth diaphragm pressure  t ransducer  
enclosed i n  t h e  dotted reg ion  i n  F igure  
3. The trace is shown as do t t ed  f o r  t he  
f i r s t  second,  s i n c e  the  r e s o l u t i o n  of 
t h e  output  is not  s u f f i c i e n t  t o  deter- 
mine t h e  precise va lue  of t h e  zero l e v e l  
w i th in  t h i s  per iod  of t i m e .  The nega- 
t i v e  s h i f t  fol luwed by a recovery w a s  
apparent  i n  every run, al though t h e  t ime 
t o  r each  a minimum w a s  no t  c e r t a i n .  The 
e f f e c t  w a s  s i m i l a r  t o  what is known as 
" ~ i l - c a n n i n g " ~  and was followed by a 
r e l a t i v e l y  r a p i d  recovery.  
of almost f i v e  seconds no v a l i d  d a t a  
w e r e  ob ta ined .  The heat  f l u x  inpu t  
seemed t o  a l t e r  t h e  response i n  a re- 
pea tab le  manner; Curves 4 and 5 and 2 

For a period 

and 3 are t h e  r e s u l t s  of s i m i l a r  hea t  
flux i n p u t .  

F igure  5 shows t h e  r e s u l t s  of main- 
t a i n i n g  a heat  source  on t h e  a c t i v e  sur- 
f a c e  of t h e  t ransducer  whi le  a stream of 
coo l ing  a i r  w a s  maintained across t h e  
back of t h e  same t ransducer .  A t  t h e  end 
of t e n  minutes t h e  t ransducer  w a s  ap- 
proaching a s t eady- s t a t e  condi t ion  wi th  a 
zero s h i f t  of a l m o s t  479 of f u l l  Scale. 
A t  t h e  end of 30 minutes t h e  eero s h i f t  
had s t a b i l i z e d  a t  489 of f u l l  scale and 
appeared t o  have reached a cond i t ion  of 
equi l ibr ium.  

Figure 6 is t h e  t y p i c a l  ou tput  of 
one t r ansduce r ;  bu t  i n  add i t ion  t o  t h e  
z e r o  s h i f t ,  t h e  temperature  va lues  of 
both ends of t h e  t ransducer  are shown. 
For t h e  p a r t i c u l a r  u n i t  t e s t e d ,  t h e  back 
s u r f a c e  showed a change i n  its rate of 
temperature  inc rease  at  about 51 seconds.  
This  t i m e  w a s  t h e  same as long as one d i d  
not  alter t h e  genera l  conf igu ra t ion  of 
t h e  test equipment. Changes in t h e  rate 
of heat f l u x  or t h e  temperature  of t h e  
hea te r  d id  n o t  change t h e  tiae f o r  t h i s  
event  w i th in  t h e  range a v a i l a b l e  (0.8 
cal/ca2 t o  8 cal/ca2). Within t h e  ac- 
cur- of measurement, a l l  t h a t  increas- 
i n g  t h e  energy inpu t  d i d  w a s  i n c r e a s e  t h e  
s l o p e  of t h e  z e r o  s h i f t  curve and i n -  
crease t h e  g rad ien t  m a x i m u m .  On t h i s  
graph an arrow m a r k  i n d i c a t e s  t h e  time of 
t h e  ze ro  s h i f t  m a x i m u m .  

The t o t a l  z e r o  s h i f t  can be con- 
s i d e r e d  t o  be composed of two p a r t s ;  one,  
t h e  normal s h i f t  due t o  t h e  temperature  
of the f a c e  of t h e  t ransducer  assuming 
uniform s t eady- s t a t e  temperatures ,  and t h e  
o t h e r  ( a l m o s t  f i v e  t i m e s  as l a r g e  i n  t h i s  
u n i t )  due t o  t h e  g rad ien t  involved.  The 
sum of t hese  maximized a t  about 55 sec- 
onds. The drop recorded i n  t h e  z e r o  
s h i f t  a f te rwards  would be expected,  s i n c e  
t h e  g rad ien t  decreases. The t o t a l  zero 
s h i f t  must approach t h a t  found i n  t h e  
uniform s t eady- s t a t e  furnace  tests as t h e  
cond i t ions  become s i m i l a r .  

Attempts t o  relate test  d i f f e r e n c e s  
as due t o  t ransducer  t ype  (i.e.,  s t r a i n  
gage, d i f f e r e n t i a l  t ransformer ,  etc.) 
r a t h e r  than  t h e  s p e c i f i c  design p r a c t i c e s  
of p a r t i c u l a r  models have been unsuccess- 
f u l .  W e  cannot ,  on t h e  basis of t h e  work 
performed t o  date, c l a s s i f y  t h e  types  of 
p re s su re  t ransducers  as more l i k e l y  or 
less l i k e l y  t o  be s e n s i t i v e  t o  tempera- 
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t u r e  g rad ien t s .  

F igure  7 r ep resen t s  t h e  d a t a  ob- 
t a i n e d  from tes ts  of t h r e e  d i f f e r e n t  
t r ansduce r s .  A and B are unbonded 
s t r a i n  gage pressure  t r ansduce r s  by two 
d i f f e r e n t  manufacturers.  Both checked 
ou t  as a n t i c i p a t e d  based on manufac- 
t u r e r s '  d a t a  f o r  t h e  uniform temperature  
tes t  fu rnace ,  but B continued t o  hold 
w e l l  w i th in  t h e  same l i m i t s  when exposed 
t o  thermal g rad ien t s ,  whi le  A responded 
wi th  a l a r g e  zero s h i f t .  Curve C r ep re -  
s e n t s  t h e  response of a d i f f e r e n t i a l  
t ransformer pressure  t r ansduce r .  

F igure  8 i l l u s t r a t e s  some of t h e  
wide v a r i a t i o n s  found i n  t h e  r e a c t i o n s  
of f l a t  diaphragm pressure  t ransducers  
t o  thermal g rad ien t s .  The u n i t  shown on 
Curve B ind ica t ed  normal ope ra t ion  i n  
t h e  s t anda rd  furnace temperature  t es t s  
both before  and a f t e r  a thermal g rad ien t  
t e s t  w a s  appl ied ,  but i t  became inopera-  
t i v e  dur ing  a gradien t  t e s t  i n  less than  
20 seconds.  When exposed t o  a thermal  
g rad ien t  of more than 80"F, t h e r e  was 
more than  a 100% FS z e r o  s h i f t .  

The lower dot ted  curve is another  
p re s su re  range of the  same series from 
t h e  same manufacturer wi th  still another  
kind of response t o  a g rad ien t .  This  
gage d i d  recover  and a f t e r  40 seconds 
was wi th in  t h e  ze ro  s h i f t  l i m i t s  f o r  
success fu l  uniform temperature  compen- 
s a t  ion .  

CONCLUSIONS 

1. Flush-mounted p res su re  gages 
may check a s  f u l l y  temperature-compen- 
s a t e d  dur ing  s tandard  temperature  t e s t s  
and s t i l l  show ze ro  s h i f t s  of up t o  
100% FS f o r  thermal g rad ien t s  w i th in  t h e  
ope ra t ing  temperature range of t h e  
t r ansduce r .  

2. The r eac t ion  t o  thermal  gra-  
d i e n t s  f o r  presumably s i m i l a r  p r e s su re  
gages made by d i f f e r e n t  manufacturers  
is so d i v e r s e  t h a t  it masks d i f f e r e n c e s  
t h a t  may e x i s t  due t o  types .  

3 .  Each t ransducer  t e s t e d  had a 
" t i m e  t o  maximum" ze ro  s h i f t .  This  
" t i m e "  was a constant  f o r  a p a r t i c u l a r  
t ransducer  design and m a t e r i a l .  I t  w a s  
no t  a l t e r e d  by changing t h e  f l u x  r a t e .  

4 .  Although t h e  r a t e  of energy 
inpu t  and thermal f l u x  d e n s i t y  in f luence  
t h e  magnitude and t h e  t i m e  it t a k e s  t o  
reach  a given g rad ien t  v a l u e ,  it is t h e  
temperature  g rad ien t  t h a t  is re spons ib l e  
f o r  t h e  ze ro  s h i f t  of t h e  ins t rument .  

5. For a s t e a d y - s t a t e  g rad ien t  
t h e r e  is a f i x e d  ze ro  s h i f t .  

6.  Cooling t h e  back s u r f a c e  of t h e  
t ransducer  i nc reases  t h e  thermal g rad ien t  
and thus  t h e  ze ro  s h i f t .  

7 .  " O i l  canning,"  when it occur s ,  
causes  a s e l f - r e v e r s i n g  z e r o  s h i f t  du r ing  
t h e  f i r s t  few seconds a f t e r  t h e  app l i ca -  
t i o n  of a change i n  t h e  s u r f a c e  tempera- 
t u r e .  

In  summary, t h e  r e s u l t s  of t h e  tests 
performed demonstrate t h a t  t h e  c o r r e c t  
ope ra t ion  of a p re s su re  gage i n  a t e s t  
furnace  a t  a uniform cons tan t  temperature  
does no t  a s su re  c o r r e c t  ope ra t ion  under 
g rad ien t  cond i t ions .  The e r r o r s  involved 
can be very l a r g e  and should be consid-  
e red  when choosing a p res su re  t r ansduce r  
f o r  f i e l d  use .  
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TABLE I 

Curve Transducer Max. Temp. 
Number onoFace 

F 

1 A-3 300 
2 A -3 375 

3 A-3 3 80 
4 A-3 580 
5 A-3 54 5 

Same as Figure 3 

Same as Curve 5 ,  F igure  3 

1 A-3 250 
A B-11 300 

3 5-12 212 

C c-1 300 

A B-13 200 
B B-8 230 

Conditions of Test  
Back Surface 

cool a i r  on back 
exposed, not cooled 

cool a i r  on back 
exposed, not cooled 
cool a i r  on back 

exposed, not cooled 
exposed, not cooled 

exposed, not cooled 
exposed, not cooled 
exposed, not cooled 
exposed, not cooled 

F igu re  1R Gradient Heater 
S y s t e m  in Operation 

Figure 1 A  Gradient Heater 
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